Optimum plant spacing is among key agronomic parameters that influence crop growth performance and crop yield. A study was conducted to investigate the optimum rice transplanting spacing under the Systems of Rice Intensification (SRI) practice in Tanzania 
Introduction
Introduction of the Systems of Rice Intensification (SRI) practice in Madagascar in the 1980s created the beginning of new era of increasing rice production and productivity per unit area of up to 50% -200% [1] using less production inputs such as seed, organic/inorganic fertilizer, water, and pumping costs [2] [3] . Other advantages are decrease in amount of irrigation water by 25% to 50% [4] , less investment capital, which favors small holder farmers, and higher returns at the end of the season [3] [5] . Due to its performance, SRI has been a common system in many areas of the world, though it has been performing differently in different areas, creating the need of testing SRI parameters before adoption in a given locality.
In African countries SRI has also been reported to perform better as compared to conventional rice cultivation. The SRI practice has shown to save irrigation water by 24%, increase land productivity by 71% and water productivity by 90% [5] . In East African countries, SRI has also been reported to have good performance as compared to conventional rice irrigation systems. This is evident in studies conducted in Kenya [5] and Tanzania [6] . In Tanzania the system was introduced by Kilombero company limited in year 2006 [6] . It was later spread into different areas of the country. However, optimum values of different parameters under SRI growing practice for specific areas are still not known thus necessitating the need for conducting experiments to optimize the parameters and hence increase SRI productivity.
The benefits of SRI such as increasing rice yield using less input such as seeds, irrigation water, using locally available manure [7] , but also inorganic fertilizer [8] and reduced labor by introduction of mechanical weeders for weeding have created the need for testing different SRI parameters differently to investigate how they contribute to increasing yield. The important SRI parameters for increasing yield, that have been reported by different studies, are transplanting spacing between rice hills, transplanting as younger seedlings as possible, transplanting one seedlings per rice hill, application of organic fertilizer whenever possible and alternate wetting and drying irrigation schedule [6] [9] [10] .
Optimum transplanting spacing has been reported to be an important parameter in SRI systems for harvesting higher possible grain yield [10] - [12] . The plant spacing in rice has effects on plant population, biomass, tillering of rice hills, productive tillers per hill, and number of grains per panicle [12] . All these are important indicators of rice yield at the end of the season. However, the optimum transplanting spacing have shown to be different in different areas of the world depending on local conditions, thus creating the need to test transplanting spacing that will give maximum yield in local conditions before further spreading of SRI in Tanzania.
The study was conducted to investigate the optimum transplanting spacing at Mkindo village [6] , which had three treatments: 25 cm × 25 cm, 30 cm × 30 cm and 35 cm × 35 cm reported that transplanting spacing of 25 cm × 25 cm was optimum. In the recommendation, the study argued on the importance of testing less spacing to see whether there might be higher returns as compared to the recommended spacing.
Based on his recommendations, experiments were conducted in 2013 and 2014 with five spacing treatments of 15 cm × 15 cm, 20 cm × 20 cm, 25 cm × 25 cm, 30 cm × 30 cm and 35 cm × 35 cm so as to test the hypothesis that there were higher yields of rice grain at lower spacing. All treatments were uniformly irrigated at alternate wetting and drying procedures with uniform management and uniform application of fertilizer and other agronomic practices.
Methodology

Description of the Study Area
Mkindo Irrigation Scheme is located in Mkindo village in Hembeti Ward, Mvomero District, Morogoro Region in Tanzania. Geographically, the Mkindo Irrigation Scheme lies between latitude 6˚16' and 6˚18' South and longitude 37˚32' and 37˚36' East (Figure 1) . The altitude ranges from 345 metres to slightly above 365 metres amsl. The study area is characterized by an average annual temperature of 24.4˚C, with a minimum of 15.1˚C in July and a maximum of 32.1˚C in February. The mean relative humidity is 67.5%. The area has bimodal rainfall regime with short rains from October to December (OND) and long rains from March to May (MAM). The average total rainfall per year is between 1200 mm to 1500 mm [13] .
The Mkindo rice irrigation scheme has a well-organized irrigation infrastructure (headwork on Mkindo Perennial River, partly lined main canal, and unlined secondary and tertiary canals, and drainage canals). The scheme was constructed in the period between 1980 and 1983. The scheme started producing rice in 1985 with Figure 1 . Location of the study area [14] . only 17 ha under cultivation. Currently the scheme serves about 100 ha (250 acres) and a near future expansion is about 620 ha downstream of the current cultivated area.
Investigation of Rice Transplanting Spacing
The experiment to investigate rice transplanting spacing was conducted in two cropping seasons of year 2013 and 2014. In each season data was collected at different growth stages. Information collected include biomass, number of tillers per hill, number of productive tillers per hill, number of grains per panicle and grain yields at the end of the season. Methodologies for each parameter are discussed below.
Experimental Set up and Design
The experimental site for rice transplanting spacing was located in the Mkindo irrigation scheme, which has well-lined primary canals and good water flow throughout the season. The rice variety tested was TXD 306 Super SARO, which is recommended by the ministry of Agriculture. The source of irrigation water for the scheme is Mkindo River flowing from the forested Nguru Mountains making it a perennial River. The experimental field size of 63.5 m × 6.7 m was used (Figure 2) . The block was divided into 5 treatments replicated 3 times each to form 15 sub-plots of 3.9 m × 6.7 m. The five treatments tested were as follows: (1) (Figure 2 ). All treatments were transplanted using seedlings of 12 days old. The field trial experiments for each season were set in a randomized complete block design (RCBD). The general field layout is as shown in Figure 2 .
Initially, field cultivation and later pulverization were conducted using a power tiller tractor. The field was then leveled by hand hoe. For transplanting in different spacing, five wooden space markers of different spacing were constructed for marking transplanting points/grids. The space markers had spacing of 15 cm × 15 cm, 20 cm × 20 cm, 25 cm × 25 cm, 30 cm × 30 cm and 35 cm × 35 cm, respectively. Seedlings were then picked from the seedling site using baskets and buckets and then transplanted one seedling per rice hill. Weeding and other agronomic activities were uniformly applied throughout the growing season.
Biomass
Biomass sampling was conducted at vegetative (60 -65 days from transplanting), flowering (85 -90 days from transplanting), and maturity (110 -115 days from transplanting) stages during the growing season. Sampling area of 1 m 2 was measured using tape measure and cutting of above ground biomass was conducted using knives and sickles. Samples were then packed in the labeled bags and brought to laboratory for analysis.
Biomass was further chopped into small pieces (in the laboratory), weighed and then recorded on data recording sheet as a fresh weight biomass. Sub-sample biomass was then taken from each weighed fresh biomass bag, reweighed, put in another bag, labeled and then put in the oven for drying. The oven was set at a temperature of 70˚C for 3 consecutive days. Samples were removed from the oven, re-weighed and recorded for analysis. The following formula [14] T3  T5  T2  T4  T1  T4  T2  T1  T5  T3  T5  T4  T1  T3  T2 0.5 0. 
Tillers, Productive Tillers per Hill and Number of Grains per Panicle
The estimation of number of tillers and productive tillers per hill was conducted at crop maturity stages. From each plot, 5 hills marked a few days after transplanting for data collection were used for estimation of number of total and productive tillers per hill. Counting of tillers was done by hand and recording was done using data recording sheet for analysis. The number of grains per panicle was counted at crop maturity. In each subplot 5 tillers monitoring hills were investigated. One panicle was chosen at random and counted by hand and then recorded for analysis.
Yield
Rice grain yield was estimated at maturity stage (110 -120 days after transplanting). Samples for analysis were harvested at an area of 1 m 2 . Harvesting areas were measured by a tape measure. Rice panicles were then cut using knives and sickles and put into the labelled bag for further processing in the laboratory. At the laboratory rice seeds were separated from straws, weighed using measuring scale and then recorded on data recording sheet as a fresh weight grains. The sub-sample grains was taken from each bag, reweighed again, labelled and then put in the oven which was set at a temperature of 70˚C and then oven dried for 3 consecutive days. Re-weighing of the dry grains was conducted after three to five days. Data was then recorded for analysis. The following formula was used to calculate the grain yield per hectare [14] .
Net gross weight of fresh biomass per square metre Gross weight weight of bag
= −(5)
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Sub sample fresh weight Fresh sub sample weight g weight of the bag g = − (6)
Weight of dry sub sample dry sub sample weight weight of the bag = −
Dry sub sample weight Gross weight per square metre
Gross fresh weight Fresh sub sample weight = ×
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Data Analysis
Quantitative data were analyzed using a statistical analysis software SAS version 9.1 (SAS Inc year) following General Linear Model (GLM) procedures [12] [14]- [16] . To find variation between treatments, Analysis of variance (ANOVA) of crop yield indicators such as biomass; total number of tillers and productive tillers per hill; and number of grains per panicle were conducted. The t test Least Square Difference (LSD) was also conducted so as to control type I comparison-wise error rate of the treatments whenever significance difference between treatments occur.
Results and Discussion
Biomass
The crop dry biomass was investigated in vegetative, flowering and maturity stages of crop cycle. The biomass was 3. the strength of certain treatments over the rest in terms of yields and controlling type I error. Generally, the results have favored lower spacing to be much productive in terms of biomass due to its high density of crops.
Comparison of Total Number of Tillers per Hill and Productive Tillers per Hill
The total number of tillers and productive tillers per hill was estimated during maturity stage of rice growth (Figure 4) . The average total number of tillers per hill was 15.3, 21.3, 28, 31.3 and 35.7 for spacing 15 cm × 15 cm, 20 cm × 20 cm, 25 cm × 25 cm, 30 cm × 30 cm and 35 cm × 35 cm, respectively. The estimated number of productive tillers per hill for these treatments was 15, 20, 24, 24.3 and 34 respectively. The results have shown that at smaller spacing between rice hills, almost all tillers were productive whereas at higher spacing some of the tillers were not productive though higher spacing has higher number of tillers/ productive tillers per hill.
The results show that there was a significant difference (p < 0.05) in number of productive tillers per rice hill in different treatments. Spacing of 35 cm × 35 cm, 30 cm × 30 cm and 25 cm × 25 cm yielded higher as compared to 15 cm × 15 cm and 20 cm × 20 cm. Among treatments, 35 cm × 35 cm had relatively higher number of productive tillers per hill than 30 cm × 30 cm and 25 cm × 25 cm. This is because at higher spacing, there is no competition of nutrients, air and light, thus creating a better environment for crop growth.
Number of Grains per Panicle
The analysis was carried out to find whether there is a significant difference in the number of grains per panicle between the five treatments. The results have shown that spacing of 25 cm × 25 cm, 30 cm × 30 cm and 35 cm × 35 cm treatments performed significantly higher (p < 0.05) as compared to 15 cm × 15 cm and 20 cm × 20 cm.
The mean number of grains per panicle was found to be 143. 7, 136.7, 217, 190.3 and 205.7 for the spacing of 15 cm × 15 cm, 20 cm × 20 cm, 25 cm × 25 cm, 30cm × 30 cm and 35 cm × 35 cm treatments, respectively ( Figure 5) . The trend shows that, the number of grains per panicle increases with spacing. However, the yield at higher spacing might be lower due to less plant density. Generally it can be concluded that, higher spacing had better performance in terms of number grains per panicle as compared to lower spacing due to less competition of nutrients, air and light creating better environment for crop growth.
Yield
The yield for the five treatments was also investigated at the end of each season. At 0.05 level of significance, the analysis has shown evidence that there was a significant difference in rice yields between the treatments. It is therefore evidently concluded that, rice transplanted at spacing 25 cm × 25 cm yields higher as compared to the rest treatments followed by 30 cm × 30 cm and 35 cm × 35 cm. This is due to the fact that, higher spacing between rice hill produce many grains per panicle and tillers.
Conclusions
This experiment was conducted to investigate the optimum transplanting spacing between rice hills for the purpose of maximizing rice grain yield under the system of rice intensification (SRI). This was conducted by optimizing yield indicators throughout the growing season such as biomass, number of tillers per hill leading into productive tillers and number of grains per panicle. The treatments were 1) T1 = rice seedling transplanted at 15 cm × 15 cm; 2) T2 = rice seedling transplanted at 20 cm × 20 cm; 3) T3 = rice seedling transplanted at 25 cm × 25 cm; 4) T4 = rice seedling transplanted at 30 cm × 30 cm; 5) T5 = rice seedling transplanted at 35 cm × 35 cm.
At flowering stage, the results have shown that, rice transplanted at spacing 15 cm × 15 cm and 25 cm × 25 cm was significantly higher in biomass yield as compared to the rest with 25 cm × 25 cm treatment perform slightly higher. The results have shown no significant difference in rice biomass yield at vegetative stage (p < 0.05). At late stages (maturity), the means biomass yields of spacing 15 cm × 15 cm and 25 cm × 25 cm have shown to have significant better performance (p < 0.05) as compared to rest of treatments. It is therefore concluded that under the SRI practice rice transplanted at spacing 25 cm × 25 cm yields higher as compared to the rest treatments followed by 30 cm × 30 cm and 35 cm × 35 cm with no significant difference between them (p > 0.05). This is due to the fact that higher spacing between rice hills have favorable environment for plant growth as compared to lower spacing.
